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The bitumen present in the Athabasca tar sand i s  a viscous material with a specific grav- 
ity of  approximately 1.03, a viscosity a t  reservoir temperature, i.e. , about 5' to 8OC, of  sev- 
eral thousand centipaises and i s  generally located under an overburden ranging in  thickness from 
a few feet to 200 or more feet in depth. The bitumen itself does not generally command a very 
high price and ik separation and recovery must involve a minimum of expenditure in order to be 
economically attractive f a  commercial practice. If conventional mining forms one of the pri- 
mary steps in  the process for recovering bitumen from the sand, i t  is desirable to find locations 
where the overburden i s  light, i. e., up to  80 feet, and where the bituminous sand i s  relatively 
thick, i.e., about 150 feet. In regions where the overburden i s  in  excess of  150 feet, the con- 
ventional strip mining method i s  impractical, and in  situ methods have to be developed to  reduce 
the costs. 

Various methods have been attempted and proposed for the in situ extraction and recov- 
ery of  o i l  and bitumen from formations such as the Athabasca tar sand but the maiority have been 
found to be either ineffective in actual f ield operations or require the use of significant amounts 
o f  relatively expensive chemicals. Therefore, an in situ recovery method using inexpensive 
chemicals and simple chemical reactions to modify asphaltenes and resins in the bitumen frac- 
tions which would in turn act as emulsifying agents, would be desirable. Previous investigations 
in this laboratory on the chemical modification of  Athabasca asphaltenes, in  particular the work 
dealing with water-soluble derivatives (1 ,2) and oxidation of the bitumen fractions (3) prompted 
an investigation into a process for in situ recovery of bitumen from the sand. The results of our 
previous investigation (3) presented briefly here for convenience and illustrated in the Figure, 
showed that some fractions of the bitumen are more susceptible to oxidation than others and it 
was believed that in  situ oxidation of the bitumen per se and subsequent treatment with alkal i  
solutions of sulfites and/or bisulfites would result i n e r - s o l u b l e  sulfonated derivatives of 
these fractions which would then act as emulsifying agents for dispersion and emulsification of 
the remaining bitumen and hence a id  in its transportation to a production well. 

EXPERIMENTAL 

Oxidation of the bitumen with oxygen: 

A weighed amount of dry bituminous material (ca. 50 ml) was placed in a 100-ml round 
bottomed flask, f i t ted with a reflux condenser, and heated in a metal bath. Oxygen was passed 
into the bitumen f a  varying periods of time after which the product was allowed to cool and 
shaken wi th  0.1 M aq. NaOH for 24 hr. The alkaline solution was acidified to  pH 2.0 and ex- 
tracted wi th  methyl ethyl ketone; soluble products were recovered by evaporation of the solvent. 
The results are illustrated i n  the Figure. 
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Oxidation of the bitumen on the sand: 

i 

(a) With oxygen and air 

Athabasca tar sand (50 gram) Was placed in each of four columns and oxidized at 4OC 
with oxygen and/or air (6 cu. ft./hr.) for 240 hours. The oxidized tar sand was then extracted 
a t  4°C for 96 hours with aqueous solutions of sodium hydroxide and sodium sulfite and bitumen 
was recovered by acidulation and extraction of the resulting solutions with methyl ethyl ketone. 
The results are presented in Table 1. 

(b) With ozone 

A horizontal column, 112 cm long and 5 cm internal diameter, equipped with a cooling 
jacket, was packed with a weighed amount of Athabasca tar sand. Oxygen containing 64% by 
volume of ozone was passed through the column (0.45 cu.ft./hr.) and, after a specified time, 
air was injected to flush out excess ozone st i l l  present in the sand followed by  circulation (-125 
ml/hr.) of an eluant to produce a dark brown solution. After acidification with concentrated 
hydrochloric acid, the bitumen was recovered by extraction with methyl ethyl ketone (MEK)and 
the product isolated by evaporation of the solvent. The results are presented in Table 2 and the 
analyses in Table 3. In a further experiment, Athabasca tar sand was packed in a column, 
placed in a vertical position, and oxygen containing =6% ozone was passed through the col- 
umn at  4°C for 48 hours. After thorough blending, 50 grams of ozonized tar sand was placed 
in  each of eight columns and treated at 4°C for 96 hours with water, aqueous sodium hydroxide, 
aqueous sodium sulfite, and aqueous sodium sulfite plus sodium hydroxide solutions. The bifu- 
men from the resulting solutions was recovered by acidulation and extraction with methyl ethyl 
ketone, as described above; the results are presented in Table 4. 

RESULTS AND DISCUSSION 

The results of our previous w a k  (3), outlined here in the Figure, show that whilst oxi- 
dation of the bitumen components, by oxygen, is a feasibility, the temperatures required for 
conversion to significant amounts of soluble materials are quite high. Nevertheless, after 8 hr., 
the proportions of the fractions converted to soluble products at 125°C are equivalent to=. 3% 
w/w of the original bitumen. However, prolonged oxidation may lead not only to  water soluble 
organic acids but also to  extensively degraded materials with low dispersing and/or emulsifying 
power. To avoid this, and to increase the water solubility, the bitumen was first oxidized at 
temperatures similar to those that exist i n  the formation (-4°C). Oxidation by oxygen and air 
at  these temperatures i s  slow under these conditions (Table 1) but soluble materials were pro- 
duced by subsequent treatment with aqueous alkaline solutions or aqueous alkaline sulfite solu- 
tions. 

The successes achieved here prompted further investigations into the use o f  a somewhat 
stronger oxidant, i.e. ozone*, in the hope that a more rapid reaction rate would be achieved 
for the purposes of the current work. Accordingly, treatment of the bitumen on the sand with 
ozonated oxygen followed by contact with alkaline sulfite solutions did in fact poduce the de- 
sired effect (Table 2). Elemental compositions and molecular weights of the original Athabasca 
bitumen and the different reaction products (Table 3) illustrate the pronounced changes in car- 
bon, hydrogen and oxygen concentrations, and also the relative increase of sulfur contents in 
the ozonized and subsequently sulfite-treated derivatives. Confirmation that reaction (sulfona- 
tion) o f  the oxidized bitunwn and alkal i  sulfite had occurred was derived from several SOWCS. 

* Redford (4) has reported that ozone has a pronounced effect on the bitumen and can be used 
to produce communication paths within a tar sand formation. 
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In the first instance, sulfur analyses have shown an overall increase o f  sulfur contents of ozon- 
ized and subsequently a lka l i  sulfite-treated derivatives, as compared to the sulfur contents of 
derivatives obtained by treating ozonized tar sand with water or sodium hydroxide solution 
(Tables 3 and 4). Secondly, infrared spectra of the oxidized and extracted bituminous deriva- 
tives, besides exhibiting the carbon-hyckogen absorptions at frequencies of 2900 to 3000 cmS 
and 1450 to 1580 cm”, exhibited broad absorptions centered a t  about 3400 cm” and 1700 cm’, 
due to  hydroxyl and carbonyl groups. However, an extra absorption of moderate intensity at 
1030 to 1050 cmI  appeared only in the spectra of  the sodium sulfite-treated derivatives - at- 
tributable to the presence of sulfonic goup(s) characteristic of this type of sulfonated carbon- 
aceous material, e.g., humic acids (5). 
indicated significant differences between the two extracts. Alkaline-extracted material had 
an aliphatic proton distribution similar to  that recorded previously for the resins and low mole- 
cular weight asphaltenes extracted from the Athabasca bitumen through use of organic solvents 
(6,7). Material produced by sodium sulfite extraction had a more complex and less wel l  defined 
aliphatic proton distribution; also evident was a region centered at 9.35 ppm (0.65 r )  and as- 
signed to protons in acidic locations. 

Finally, nuclear magnetic resonance spectroscopy 

The data presented in Table 4 give an indication of the extractive abi l i ty of water and 
aqueous solutions of sodium hyd-oxide and sodium sulfite on oxidized tar sand, and the surface 
tension-reducing powers of  these bituminous derivatives are illustrated in  Table 5. It i s  appar- 
ent that the oxidized and subsequently sulfonated bituminous derivatives have greater surface 
tension-reducing powers and much greater abi l i ty to extract bitumen from the oxidized tar sand 
than does water or sodium hyckoxide solution. We presume that the fractions prone to oxidation 
are the dark oils and resins (Figure) leaving the bulk of the bitumen relatively unchanged. 

In retrospect, we have shown that oxidation of  bitumen on Athabasca sand can occur by 
means of  an oxygen-containing gas. 
duced into the molecular structures of  the oxidized materials which renders the bituminous ma- 
terials more hycfophilic, increases their surface tension-reducing power, and also increases 
their dispersing and emulsifying power. We are of the opinion that the present method therefore 
provides a plausible means for recovery of bitumen from the tar sand by the following steps: 
(a) in situ oxidation of  the tar sand bitumen (e.g. by injecting an oxygen-containing gas into 
the tar sand formation); (b) injection of  an aqueous alkaline sulfite or bisulfite solution into 
the oxidized tar sand formation to react and form the water-soluble sulfonated asphalt-type 
bituminous materials; (c) formation of an aqueous emulsion between the soluble sulfonated ma- 
terial and the oil i n  the tar sand formation; (d) circulation of the emulsion formed in situ, with 
the purpose of extracting o i l  from the formation, and separation of the o i l  from the emulsion by 
any of  the known techniques. 

circulate throughout the formation and establish free f low paths. We are also inclined to be- 
l ieve that this process, when combined with other recovery techniques, would afford an easier, 
more efficient and more economic recovery of  bitumen and the oxidation, with subsequent SUI- 
fonation, is compatible with other in situ recovery techniques, e.g., steam injection, cold 
emulsification, low- or high-pressure injection of fluids. 

Furthermore, sulfur-bearing group@) can then be intro- 

It is presumed that the aqueous solution of  the water-soluble sulphonated materials would 
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Table 1. Extractive abilities of aqueous solutions on oxidized tar sand 

Weight of % 
Oxidizing E luon t*  Solution Extracted Extracted Column 

pH Bitumen (g)** Bitumen 
agent 

1 oxygen 

2 oxygen 

3 air 

4 air 

9 .9  0.085 0.2% N a O H  
recycled 

1.32 

NaaS03 (0.1M) 
+ N a O H  (0.2%) 9.9 0.124 1.92 
recycled 

9 .9  0.023 0.2% N a O H  
recycled 

0.36 

NaaSOs (0.1M) 
+ N a O H  (0.2%) 9.9  0.122 1.89 
recycled 

* Volume = 0.2  litre 

** Weight of bitumen in tar sand = 12.9% 
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Table 5. 'Surface tensions of ozonized and ozonized-sulfonated bitumen 

% Concentration Ozonized bitumen Ozon ized-Sulfonated 
bitumen 

0.1 

0.5 

1.0 

62 dynes/cm 48 dynes/cm 

62 dynes/cm 41 dynes/cm 

52 dynes/cm 39 dynes/cm 


